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SELECTIVELY ACCESSING TEST ACCESS controller transitions through the Update DR state to update 

PORTS IN A MULTIPLE TEST ACCESS (output) new parallel data fiom the data register and thereby 

PORT ENVIRONMENT complete the data register scan operation. From the Update 

DR state, the TAP controller can transition to the Run 

This application claims the benefit of U.S. Provisional 5 Test/Idle state or to the Select DR Scan state. 

Application No. 60/024884, filed on Aug. 30, 1996. If the Select IR ^ n st *te is entered from the Select DR 

Scan state, the TAP controller can transition to the Test 

FIELD OF THE INVENTION Logic Reset state or transition into an instruction register 

scan operation. If the transition is to an instruction register 

The invention relates generally to evaluation of the func- ^ operation, Capture IR, Shift IR, optional Pause IR, and 

tionality of electronic integrated circuits and, more Update IR states are. provided analogously to the states of 

particularly, to improvements in the control and design of the data register scan operation. Next state transitions from 

test access ports (TAPs) within integrated circuits. the Update IR state can be either the Run Test/Idle state or 

Select DR Scan state. If the TAP controller transitions from 

BACKGROUND OF THE INVENTION ^ lhe Select IR Scan state ^ the Test ^ Reset state> ±t 

The IEEE Standard Test Access Port and Boundary Scan TA P controller will output a reset signal to reset or initialize 

Architecture (IEEE STD 1149.1) is a well known IEEE test the instruction and data registers. 

standard that provides scan access to scan registers within FIG. 15 shows that state transitions of the FIG. 12 TAP 

integrated circuits (ICs), and is hereby incorporated herein controller occur on the rising edge of the TCK and that 

by reference. FIG. 12 shows a schematic of the 1149.1 test 20 actions can occur on either the rising or falling edge of TCK 

logic. The test logic comprises a TAP controller 120, an while the TAP controller is in a given state, 

instruction register, and plural test data registers. The TAP The term TAP referred to hereafter will be understood to 

controller is connected to test mode select (TMS), test clock comprise a TAP controller, an instruction register, test data 

(TCK), and test reset (TRST*) pins. The TAP controller registers, and TDO muxing of the general type shown in 

responds to control input on TCK and TMS to scan data 2 s FIG. 12, but differing from FIG. 12 according to novel 

through either the instruction or data registers, via the test features of the present invention described with particularity 

data input (TDI) and test data output (TDO) pins. TRST* is herein. The 1149.1 standard was developed with the under- 

an optional pin used to reset or initialize the test logic, i.e. standing that there would be only one TAP per IC Today, 

TAP controller, instruction register, and data registers. The ICs may contain multiple TAPs. The reason for this is that 

inputs to the instruction and data registers are both directly 30 ICs are being designed using embedded megamodule cores 

connected to the TDI input pin. The output of the instruction which contain their own TAPs. A megamodule is a complete 

and data registers are multiplexed to the TDO pin. During circuit function, such as a DSP, that has its own TAP and can 

instruction register scans, the TAP controller causes the be used as a subcircuit within an IC or as a standalone IC. 

multiplexer 121 to output the instruction register on TDO. An IC that contains multiple megamodules therefore has 

During data register scans, the TAP controller causes the 35 multiple TAPs. 

multiplexer 121 to output the data register on TDO. The l n example FIG. 1, an IC 10 containing four TAPs is 

instruction scanned into the instruction register selects shown. TAP1 is shown connected to the boundary scan 

which one of the plural data registers will be scanned during register (BSR) to provide the 1149.1 standard's conventional 

a subsequent data register scan operation. When the TAP board level interconnect test capability. TAP1 can also be 

controller is scanning data through the instruction or data 40 connected to other circuitry within the IC that exists outside 

registers, it outputs control to enable the output stage to the megamodules. TAP2 is an integral part of megamodule 

output data from the TDO pin, otherwise the TAP controller MM1. Likewise TAP3 and TAP4 are integral parts of 

disables the output stage. megamodules MM2 and MM3. Each TAP of FIG. 1 includes 

FIG. 13 shows how four ICs, each IC including the TAP a conventional 1149.1 TAP interface 11 for transfer of 

controller, instruction register, and data registers of FIG. 12, 45 control (TMS, TCK and TRST) and data (TDI and TDO) 

would be connected at the board level for serial data transfer signals. However, the 1149.1 standard is designed for only 

(TDI, TDO) and parallel control (TMS, TCK). one TAP to be included inside an IC, and for the 1149.1 TAP 

FIG. 14 shows the state diagram operation of the FIG. 12 interface of this one TAP to be accessible externally of the 

TAP controller. The TAP controller is clocked by TCK and IC at terminals (or pins) of the IC for connection via 1149.1 

responds to TMS input to transition between its states. The 50 test DUS 13 t0 an external test controller, 

logic state of TMS is shown beside the paths connecting the It is therefore desirable to provide an architecture wherein 

slates of FIG. 14. The Test Logic Reset state is where the all TAPs of an IC can be controlled and accessed from an 

TAP controller goes to in response to a power up reset signal, external 1149.1 test bus via a single externally accessible 

a low on TRST*, or an appropriate TMS input sequence. 1149.1 TAP interface. 

From Test Logic Reset the TAP controller can transition to 55 The present invention provides an architecture which 
the Run Test/Idle state. From the Run Test/Idle state the TAP permits plural TAPs to be selectively accessed and con- 
controller can transition to the Select DR Scan state. From trolled from a single 1149.1 TAP interface. The invention 
the Select DR Scan state, the TAP controller can transition further provides access to a single register via any selected 
into a data register scan operation or to the Select IR scan one of a plurality of TAPs. The invention further provides a 
state. If the transition is to the data register scan operation, 60 TAP controller whose state machine control can be selec- 
the TAP controller transitions through a Capture DR state to lively overridden by an externally generated override signal 
load parallel data into a selected data register, then shifts the which drives the state machine synchronously to a desired 
selected data register from TDI to TDO during the Shift DR state. The invention further provides a TAP instruction 
state. The data register shift operation can be paused by which is decodable to select an external data path. Also 
transitioning to the Pause DR state via the Exitl DR state, 65 according to the invention, sequential access of TAPs from 
and by returning to the Shift DR state via the Exit2 DR state. a single 1149.1 TAP interface permits test operations asso- 
At the end of the data register shift operation, the TAP ciated with different TAPs to timewise overlap each other. 
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BRIEF DESCRIPTION OF THE DRAWINGS operation, an Enable output from the currently enabled TAP 

erf i 'it ii . a < ■ . (one of Enable 1,2,3,4) enables a TDO output buffer (in 

FIG. 1 illustrates a test controller connected to an inte- 3SMTJX) yia QR 29 ^ {s anal £ enabli t V he 

grated circuit having multiple TAPs therein; output slage io FIG u Follow ing the TLM scan operation, 

FIG. 2 illustrates an integrated circuit having multiple 5 TLM outputs EN1-4 signals to the TAPs and TAPSEL0-1 

TAPs therein according to the present invention; signals to the multiplexer 23 to establish a TAP link con- 

FIG. 3 illustrates the TAP Linking Module of FIG. 2 in figuration. The data scanned into the TLM selects one of the 

greater detail- f° ur out puts EN1-4 to be active to enable the corresponding 

FTr 4 iiwrat« th. tt \a tap r^t^Ur «f mr i i n one of the TAPs - Aho the TAPSEL0-1 and TLM-Select 

* illustrates the TLM TAP Controller of FIG. 3 m sigQals ^ ^ ^ TO0 Qf ^ eMbkd TAp (one Qf 

greater detail; 10 TO0 1-TD04) to be connected to the IC's TDO pin 27. 

FIG. 5 illustrates another exemplary integrated circuit From this description it is seen that the TLM 21 operates 

having multiple TAPs therein according to the present to selectively enable one of the TAPs to be accessed via the 

invention; IC's 1149.1 test pins. The circuit coupled to the enabled TAP 

FIG. 6 illustrates in greater detail the TAP Linking Mod- (BSR, MM1, MM2, MM3) can therefore be accessed 

ule of FIG. 5; directly from the 1149.1 test pins. A presently enabled TAP 

FIG. 7 illustrates TAP4 of FIGS. 2 and 5 in greater detail; ™\ scan i the TLM 21 which in turn will select and 

n „ ft .„ . , . . enable another TAP. When another TAP is enabled, the 

FIG. 8 illustrates multiplexing circuitry associated with previously enabled TAP is disabled and remains so until it is 

the scan input of TAP4 of FIG. 5; enabled again by the TLM. The EN1-4 inputs to the TAPs 

FIG. 9 shows a state diagram associated with the TAP 20 can enable or disable the TAPs in many ways. For example, 

controller of FIG. 7; the EN1-4 inputs could simply be used to gate TCK on and 

FIG. 9A illustrates in more detail a portion of the TAP off - Alternatively and preferably, the EN1-4 inputs could be 

controller of FIG 7- included in the designs of the TAP controller state machines 

r-iz-o in n ' • • « . * • « ... to keep the TAP in its Run-Test/Idle state when disabled. 

FIGS. 10-11 are timing diagrams which illustrate 25 m& preferred method of using the EN1 _ 4 si ls is 

examples of how the TAPs of FIGS. 2 and 5 can be described below in connection with FIGS. 9 and 9A. 

synchronously linked to and unlinked from the test bus of FIG. 3 shows one circuit example implementation of 

FIGS. 2 and 5; TLM 21. The circuit comprises a TLM TAP controller 31, a 

FIG. 12 illustrates the architecture of a conventional 2-bit shift register, decode logic, and a link update register. 

1149.1 TAP; 30 The TLM TAP controller 31 is always enabled to follow the 

FIG. 13 illustrates a plurality of integrated circuits con- test bus protocol on the TCK and TMS pins, i.e. the TLM 

nected in a conventional manner for 1149.1 testing; TAP controller is always synchronized to the state of the 

FIG. 14 is a state diagram associated with the conven- 1149 1 test bus 13 connected to the TCK and TMS pins, 

tional TAP controller of FIG 12* However, the outputs of the TLM TAP controller (i.e. 

FIG. 15 is a timing diagram which illustrates when state » ™ff ft ? Rf ^^if??' TLM " U P dateDR ' and 

changes and other actions can occur in the conventional TAP TLM-Select) are only enabled during a data register scan 

architecture of FIG 12* operation and only if the select input (SEL1-4) from the 

.„ A . „ . currently enabled TAP is high. 

FIG. 16 illustrates in greater detail a portion of prior art If 4l _ *i L , , ™r» ■ . . . « • 

p IG 12 . If the currently enabled TAP inputs a high select input at 

* ' A .„ . , . . ,40 one of SEL1-4, the TLM TAP controller 31 will respond to 

FIG 16A illustrates conventional instructions associated TCK and TMS to output control on TLM-ShiftDR, TLM- 

with the architecture of FIG. 16; ClockDR, and TLM-Select to capture and shift data through 

FIG. 17 illustrates in greater detail a portion of TAP4 from the 2-bit shift register, and then output TLM-UpdateDR 

FIG. 7; and control to update the decoded output from the shift register 

FIG. 17A illustrates a set of instruction pairs associated 45 to the link update register. This capture, shift, and update 

with the architecture of FIG. 17. operation is a well known TAP controller scan operation 

DFSCR1PTION OF THF TNVFNTIOM fa IEEE ST ° 11491 ^ Sh ° Wn fa FIGS ' M Md ^ 

DESCRIPTION OF THE INVENTION lhereof During this ^ operation> tl M tap controller 

FIG. 2 shows an exemplary IC according to the invention, outputs TLM-Select control to couple the TDO output of 

including a TAP Linking Module (TLM) 21 which is 50 TLM 21 to the IC's TDO pin 27, via the 3SMUX of FIG. 2. 

coupled to each TAP via select (SELl^) and enable (EN1- Also during the scan operation, the output of the 3SMUX is 

4) signals, and to an externally accessible 1149.1 interface activated by the enabled TAP (one of Enablel-4) to output 

20 including TDI, TCK, TMS, TRST*, and TDO pins. The data on the IC's TDO pin 27. The data from the link update 

TAPs are connected to the TCK and TMS pins and to the register is output as EN1-4 and TAPSELO-1 to enable the 

Reset output from the TLM. The SEL1-4 signals are outputs 55 desired TAP and its TDO connection (one of TDOl-4) to the 

from the TAPs to the TLM, and the EN1-4 signals are output IC's TDO pin 27. The active one of enable signals EN1-4 

from the TLM to the TAPs. Each TAP's select signal is qualifies a corresponding one of select signals S ELI -4 at one 

output in response to a special instruction scanned into its of AND gates 33-36, whereby the corresponding one of 

instruction register. The instruction sets the select output SEL1-4 can be input to the TLM TAP controller via the OR 

from the TAP high, which causes the TLM to be selected as 60 gate 37. Select signals from disabled TAPs are gated off by 

the data register scan path between the IC's TDI and TDO the AND gates associated with the inactive ones of enable 

pins 26 and 27. A conventional data register scan operation signals EN1-4. The decode from the 2-bit shift register 

is used to capture data into and then shift data through the allows each of TAP1, TAP2, TAP3, or TAP4 to be individu- 

TLM from TDI to TDO. During such a TLM scan operation, ally selected, accessed, controlled and scanned from the 

the TLM Select output signal from TLM makes a connection 65 1149.1 pins at 20. 

from the TLM's TDO output 25 to the IC's TDO output 27, Exemplary FIG. 4 shows a detail view of the TLM TAP 

via the multiplexer 3SMUX. Also during a TLM scan controller 31. The TLM TAP controller comprises the con- 
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ventional 1149.1 TAP controller 120 of FIG. 12 and gating 
to enable or disable the TLM-Select, TLM-ClockDR, TLM- 
ShiftDR, and TLM-UpdateDR outputs of the TLM TAP 
controller. After power up reset, the 1149.1 TAP controller 
120 is always synchronized to the state of the 1149.1 test 
bus. Note that the output signal 39 of the FIG. 3 AND gate 
38 is connected to 1149.1 TAP controller 120 at input node 
123 thereof where the TRST* signal would conventionally 
be connected (contrast FIG. 12). The 1149.1 TAP control- 
ler's conventional outputs are gated off by the OR gates 41 
and 43, and AND gates 45 and 47 so that the state of the 
TLM's shift register and link update register are not dis- 
turbed during data register scans occurring while the SEL 
input from OR gate 37 (FIG. 3) is low. TLM-Select and 
TLM-ClockDR are high while SEL is low, and TLM- 
UpdateDR and TLM-ShiftDR are low while SEL is low. 
These output conditions match what the conventional 1149.1 
TAP controller 120 would output on the analogous signal 
types (i.e. Select, ClockDR, ShiftDR, UpdateDR) when data 
register scans are not being performed. When the SEL input 
is high, the gated outputs from the TLM TAP controller 
follow the conventional 1149.1 TAP controller outputs. The 
Reset output from the TLM TAP controller is always 
enabled to output the conventional 1149.1 Reset signal to the 
TAPs within the IC. The TLM TAP controller can be viewed 
as the master TAP controller in the IC since it has reset 
authority over all other TAPs. 

When the TLM TAP controller is reset (i.e. forced to the 
Test Logic Reset state of FIG. 14) by the power up reset 
circuit, or by activation of the TRST* pin, or by an appro- 
priate TMS sequence, it outputs a Reset signal. Either the 
power-up reset circuit or the TRST* signal can drive the 
output 39 of AND gate 38 (see FIG. 3) low and thereby force 
the Test Logic Reset state. An appropriate sequence of logic 
l's on TMS can also put the TLM TAP controller in the Test 
Logic Reset state (see FIG. 14). Internal to the TLM 21, the 
Reset signal loads the link update register with EN1 and 
appropriate TAPSEL0-1 control (see FIG. 3) to enable and 
linkTAPl between the TDI pin 26 and 3SMUX (see FIG. 2). 
TLM Select is driven high when controller 31 is in the Test 
Logic Reset state because the Select output from the con- 
ventional 1149.1 TAP controller 120 goes high in the Test 
Logic Reset state. When TLM Select is high, the output of 
MUX 23 is connected to TDO pin 27 via 3SMUX. By 
initially selecting TAP1 to be active, the IC appears to test 
bus 13 to be operating as would a one-TAP IC described in 
the 1149.1 standard. Following the initial selection of TAP1, 
the TLM can be selected by TAP1 and then scanned to select 
any other TAP in the I C to become the active TAP. External 
to the TLM 21, the Reset signal initializes all the TAPs to the 
Test Logic Reset state of FIG. 14. 

FIG. 5 shows another example IC according to the 
invention, including a TAP Linking Module (TLM 51) 
which is coupled to TAPs, 1149.1 test pins, and multiplexers 
similarly to FIG. 2. Additionally, the TLM 51 is coupled to 
the TAPs 2-4 via Link Control (LC2-4) signals. The opera- 
tion of TLM 51 is similar to TLM 21 of FIG. 2, except: (1) 
the TLM 51 can be loaded with data to enable more than one 
TAP at a time in the IC; and (2) the TLM 51 outputs link 
control to the TAPs to allow linking the TAPs together in 
different arrangements within a single scan path between the 
TDI 26 and TDO 27 pins. The linking and enabling of 
multiple selected TAPs permits the circuits associated with 
the TAPs (BSR, MM1, MM2, MM3) to be accessed at the 
same time. 

In FIG. 5 it is seen that TAPs 2-4 have multiple scan 
inputs. In particular, the TAPs 2-4 have scan inputs as 
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follows: TAP2 has TDI pin 26 and TDOl; TAP3 has TDI pin 
26, TDOl and TD02; and TAP4 has TDI pin 26, TDOl, 
TD02 and TD03. This is to allow for serially concatenating 
enabled TAPs together in different ways. For example TAP1 

5 and TAP4 can be enabled at the same time and linked 
together into the serial path between TDI 26 and TDO 27. In 
this arrangement, TAP1 and TAP4 can participate together 
during test while TAP2 and TAP3 are disabled. The Link 
Control signals LC2-4 to TAPs 2-4 select the appropriate 

1Q scan input to the TAPs to make a particular serial link 
between TAPs. TLM 51 can provide the following TAP 
linking arrangements between TDI 26 and TDO 27: 
TAP1 Links: TAP1, TAP1&2, TAP1&3, TAP1&4, TAP1, 
2&3, TAP1,2,&4, TAP1^3&4, TAP13&4 

15 TAP2 Links: TAP2, TAP2&3, TAP2&4, TAP2,3&4 
TAP3 Links: TAP3, TAP3&4 
TAP4 Links: TAP4 
The more scan inputs per TAP, the more possible linking 
arrangements. For example, TAP3 could also have TD04 as 

20 a scan input in addition to those shown in FIG. 5. The 
multiplexing circuitry associated with the multiple scan 
inputs of the FIG. 5 TAPs is not shown in FIG. 5 for clarity, 
but an example is described below relative to FIG. 8. 
FIG. 6 shows one circuit example implementation of the 

25 TLM 51. The TLM 51 is similar to the TLM 21 of FIG. 3 
except: (1) the shift register is longer due to the additional 
decode required for linking multiple TAPs; (2) the decode 
circuit and link update register provide additional output for 
link controls LC2-4; and (3) select inputs from all enabled 

30 and linked TAPs will be qualified by the corresponding 
active enable signals for input to the TLM TAP controller 31 
via the AND and OR gates 33-37. 

Example FIG. 7 shows a portion of the design of TAP4 of 
FIG. 2. The other TAPs of FIG. 2 can be analogously 

35 designed. The TAP controller 71 includes an input for the 
EN4 signal from the TLM 21, which is used to enable or 
disable the TAP controller 71. Also, TAP controller 71 has an 
input 73 connected to the Reset output from the TLM 21 to 
provide global reset of all TAPs. The TAP4 instruction 

40 register decode includes the SEL4 output to the TLM 21. 
Also, an instruction is provided to allow setting the SEL4 
output high to enable scan access of the TLM 21. 

Example FIG. 8 shows TDI pin 26, TDOl, TD02 and 
TD03 multiplexed onto the scan input of TAP4 to support 

45 the design of FIG. 5. The scan inputs of the other TAPs of 
FIG. 5 are multiplexed analogously. In this example, a 4:1 
multiplexer 81 is connected to the TLM 51 via two link 
control signals LC4A and LC4B to control which scan input 
(TDI pin 26, TDOl, TD02, or TD03) is connected to the 

50 TAP'S TDI input. 

FIG. 9 shows an example TAP controller design to 
support enabling and disabling TAPs 1-4 of FIGS. 2 and 5 
using the EN1-4 outputs from either TLM 21 or TLM 51. 
The TAP controller state diagram of FIG. 9 corresponds to 

55 the TAP controller 71 of FIG. 7, and includes a Run Test/Idle 
state wherein the enable signal (in this case EN4) is evalu- 
ated along with the TMS signal to determine the next state 
transition. In the Run Test/Idle state of FIG. 9, the next state 
will always be the Run Test/Idle state if EN4 is low, 

60 regardless of the logic level on TMS. If EN4 is high, the next 
state from Run Test/Idle is determined by the logic level on 
TMS. In the UpdateDR state the EN4 signal is evaluated 
along with the TMS signal to determine the next state 
transition. In the UpdateDR state of FIG. 9, the next state 

65 will always be Run Test/Idle if EN4 is low, regardless of the 
logic level on TMS. If EN4 is high, the next state from 
UpdateDR is determined by the logic level on TMS. 
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Although FIG. 9 illustrates an example state diagram for the 
TAP controller of TAP4, TAPs 1-3 can be analogously 
designed. 

The Run Test/Idle state of FIG. 9 provides, in addition to 
its conventional run test or idle functions, a stable state for 
the TAP controller to assume and remain in when it is not 
enabled to be linked to the 1149.1 test bus pins. Using the 
Run Test/Idle state as the stable state for unlink is advanta- 
geous because one well known method of initialing test 
operations associated with a given instruction is to transition 
the TAP into Run Test/Idle with the given instruction in the 
instruction register. An example of this advantage of using 
Run Test/Idle as the stable state for unlink is described 
hereinbelow with respect to the RunBist instruction. 

The UpdateDR state of FIG. 9 provides, in addition to its 
conventional data update function, a link change state where 
a presently enabled TAP controller gets disabled and goes to 
the Run Test/Idle state while a new TAP controller becomes 
enabled to follow the ICs test bus pins. 



FIG. 12. In fact, the TAP controller 71 of FIGS. 7-9A will 
operate as conventional 1149.1 TAP controller 120 of FIG. 
12 if EN4 is tied high. Note that input 73 of TAP controller 
71 corresponds to the TRST* input of conventional TAP 

5 controller 120 (see FIG. 12). 

The examples in FIGS. 10 and 11 illustrate two ways a 
TAP can be synchronously linked to the test bus 13. The 
FIG. 10 example shows how a TAP is synchronously linked 
to the test bus 13 when the test bus transitions from 

10 UpdateDR to Run Test/Idle state. The FIG. 11 example 
shows how a TAP is synchronously linked to the test bus 13 
when the test bus transitions from UpdateDR to Select DR 
Scan. 

FIG. 10 shows a timing example wherein unlinked TAP2 
15 becomes linked and linked TAP1 becomes unlinked while 
the test bus transitions from the UpdateDR state to the Run 
Test/Idle state to the Select DR Scan state. The link change 
occurs on the falling edge of the TCK in the UpdateDR state 
with EN1 of TAP1 going low and EN2 of TAP 2 going high. 



For example, in FIG. 2 and after a Reset, the TLM TAP 20 On the next rising TCK edge, the test bus transitions into the 



controller 31 and all the TAP controllers of TAPsl-4 will be 
in the Test Logic Reset state of FIG. 9. The ICs 1149.1 test 
bus pins will also be in Test Logic Reset state as driven by 
the external test controller. When the test bus moves from 
Test Logic Reset to Run Test/Idle, all the TAP controllers of 
TAPsl-4 will follow the test bus. However when the test bus 
moves from Run Test/Idle to Select DR Scan, only the TAP 
controller of TAP1 (TAP1 is enabled at reset to be the linked 
TAP as previously described) will follow. The other TAP 
controllers of TAPs2-4 will remain in Run Test/Idle because 
their enable inputs EN2-4 are low TAP1 will continue 
following the test bus until another TAP is enabled by 
scanning the TLM 21. When the TLM 21 is scanned, the 
new enable and TAPSEL0,1 control will be updated from the 
TLM 21. For example if TAP2 is the new TAP to be selected, 
the EN1 for TAP1 will go low and the EN2 for TAP2 will 
go high in the UpdateDR state. Also, the TAPSEL0,1 outputs 
will change to output TD02 from multiplexer 23. When the 
enable outputs from the TLM 21 change, the TAP controller 
of TAP1 will see a low on EN1 and it will be forced to 
transition from the UpdateDR state to the Run Test/Idle 
regardless of the logic level on TMS. When the TAP 
controller of TAP2 sees a high on EN2, it will be enabled to 
either (1) transition from the Run Test/Idle state to the Select 
DR Scan state if TMS is high, or (2) remain in the Run 
Test/Idle state if TMS is low. So while a TAP being unlinked 
is forced to transition from the UpdateDR state to the Run 
Test/Idle state regardless of the logic level on TMS, a TAP 
being linked can either stay in the Run Test/Idle state if the 
next state of the test bus is the Run Test/Idle state (TMS=0), 
or transition to the Select DR Scan state if the next state of 
the test bus is the Select DR Scan state (TMS-1). 

FIG. 9A shows an example of how TAP controller 71 of 
FIG. 7 can use the EN4 signal to realize the state diagram of 
FIG. 9. The TAP state machine circuit 97 of FIG. 9Acan be 
the conventional 1149.1 TAP state machine that implements 
the state diagram of FIG. 14. However, the input 95 where 
TMS is conventionally applied to the state machine is 
connected in FIG. 9A to the output of a multiplexer 90 
whose data inputs are TMS and the output 91 of an AND 
gate 93 whose inputs are TMS and EN4. The multiplexer 90 
is controlled to select AND gate output 91 when the decoded 
state of the TAP state machine is Update DR or Run 
Test/Idle, and to otherwise select TMS. 

Apart from the improvements associated with FIGS. 
7-9A (and FIG. 17 below), TAPsl-4 of FIGS. 2 and 5 can 
otherwise conform to the conventional 1149.1 TAP design of 
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Run Test/Idle state, TAP1 (now unlinked) is forced to 
transition to Run Test/Idle (see FIG. 9), and TAP2 (now 
linked) remains in Run Test/Idle (see FIG. 9). On the next 
rising TCK edge, the test bus transitions to the Select DR 
Scan state, TAP2 transitions with the test bus to the Select 
DR Scan state, and TAP1 remains in the Run Test/Idle state. 

FIG. 11 shows a timing example wherein unlinked TAP2 
becomes linked and linked TAP1 becomes unlinked while 
the test bus transitions from the UpdateDR state directly to 
the Select DR Scan state. The link change occurs on the 
falling edge of the TCK in the UpdateDR state with EN1 of 
TAP1 going low and EN2 of TAP2 going high. On the next 
rising TCK edge, the test bus transitions into the Select DR 
Scan state, TAP1 is forced to transition to Run Test/Idle (see 
FIG. 9), and TAP2 transitions with the test bus from Run 
Test/Idle to the Select DR Scan state (see FIG. 9). On the 
next rising TCK edge, the test bus transitions to the Select 
IR Scan state, TAP2 transitions with the test bus to the Select 
IR Scan state, and TAP1 remains in the Run Test/Idle state. 

After completing all TAP accesses, the test bus can 
transition to the Test Logic Reset state. TAP(s) currently 
linked to the test bus will follow it into the Test Logic Reset 
state. TAP(s) not linked to the test bus (i.e TAPs unlinked 
and left in Run Test/Idle state) will be forced to the Test 
Logic Reset state by the Reset output from the TLM TAP 
Controller 31 (FIGS. 3 and 4) which always follows the test 
bus transitions and will output the Reset signal to all TAPs 
(see FIGS. 2-14 5) when the test bus enters the Test Logic 
Reset state. 

To provide flexibility in using TLM 21 or TLM 51 to 
enable and disable TAPs within an IC, the TLMs should 
preferably be selectable during some or all of the instruc- 
tions defined for each TAP. For example, the 1149.1 standard 
defines the following list of required and optional TAP 
instructions: Bypass, Extest, Sample/Preload, Intest, 
RunBist, Clamp, Highz, Idcode, and Usercode. During 
Bypass, Sample/Preload, Idcode, and Usercode instructions, 
the functional circuit associated with the TAP remains in its 
normal operation mode. During Extest, Intest, RunBist, 
Clamp, and Highz instructions, the functional circuit asso- 
ciated with the TAP is disabled from its normal operation 
mode. Users of the 1149.1 standard may define and add 
instructions to achieve customized test operations, such as 
internal scan, emulation, or on-line BIST. 

The flexibility of using the TLMs is enhanced if each of 
the aforementioned conventional instructions is replaced by 
a pair of instructions according to the present invention, 
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which pair of instructions determine whether or not the TLM 
is selected. For example, the conventional Extest instruction 
selects the boundary scan register to scan data between the 
IC's TDI and TOO pins, but does not at all comprehend the 
select output SEL4 shown in FIG. 7. Accordingly, one 
instruction of the Extest replacement pair would (1) select 
the boundary scan register like the conventional Extest 
instruction, (2) inactivate the SEL4 output to deselect the 
TLM, and (3) otherwise affect the IC the same as the 
conventional Extest instruction. Another instruction of the 
Extest replacement pair would (1) deselect the boundary 
scan register, (2) activate SEL4 to select TLM for scanning, 
and (3) otherwise affect the IC the same as the conventional 
Extest instruction. 

One advantage is that TLM can be operated to disable one 
TAP and enable another while maintaining the effect of the 
current instruction on the functional circuit associated with 
the TAP being disabled. For example, in FIGS. 2 and 5 it 
may be desirable to disable the IC's I/O while performing a 
test or emulation operation on MM1. To do this, TAP1 
would be enabled and scanned with a Highz instruction 
version that selects the TLM and deselects the bypass 
register but otherwise affects the IC the same as the con- 
ventional Highz instruction, which will disable the IC's I/O. 
Next, a data register scan to the TLM disables scan access 
to TAP1 and enables scan access to TAP2 to enable the 
desired test or emulation operation on MM1. While test or 
emulation occurs on MM1, the Highz instruction version, 
left in effect in TAP1, keeps the IC's I/O disabled. Other 
1149.1 instructions or user defined instructions can be simi- 
larly replaced by a first instruction that deselects TLM and 
selects a data register within the TAP and a second instruc- 
tion that deselects the TAP data register and selects the 
external TLM, both replacement instructions otherwise 
affecting the IC the same as the corresponding conventional 
instruction. 

Example FIGS. 16-1 7A illustrate the above-described 
replacement of a given conventional instruction with a pair 
of replacement instructions which select or deselect TLM. 
FIG. 16 illustrates various functions which are controlled by 
the instruction register in the conventional IEEE STD 
1149.1 architecture of FIG. 12. In FIG. 16, an instruction is 
shifted into the shift register 162, and shift register bits 
SRB3, SRB2, and SRB1 (i.e. the instruction) are then 
decoded by decode logic 165. The output of the decode logic 
is loaded into an update register 167 whose outputs control 
various functions in the test architecture. In the FIG. 16 
example, six signals are output fiom the update register to 
control the various functions. Signal BR enables the bypass 
register to scan data therethrough, signal BSR enables the 
boundary scan register (BSR) to scan data therethrough, the 
MODE signal applied to BSR determines whether BSR is in 
a test mode for handling test data or a transparent mode for 
passing normal functional signals therethrough, the HIGHZ 
signal can disable the output buffers 163 of the integrated 
circuit or core megamodule, the BENA signal is a Bist 
enable signal for enabling Bist operations, and the REGSEL 
signal controls multiplexer 161 to determine which data 
register (in this example the bypass register or BSR) will be 
connected to the input of multiplexer 121, which in turn 
determines whether a data register or the instruction register 
will be scanned. 

FIG. 16A shows conventional instructions for use with the 
conventional architecture of FIG. 16. Each of the instruc- 
tions is decoded to produce the indicated logic levels on the 
six control signals of FIG. 16. For example, the HighZ 
instruction enables the bypass register for scanning (BR-1) 
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disables BSR for scanning (signal BSR-0), places BSR in 
the transparent mode (MODE-0), disables the output buffers 
163 (HIGHZ-1), disables Bist (BENA-0), and selects the 
bypass register at multiplexer 161 (REGSEL=0). As another 

5 example, the conventional Extest instruction disables the 
bypass register for scanning (BR=0), enables BSR for scan- 
ning (signal BSR=1), places BSR in the test mode (MODE= 
1), enables the output buffers 163 (HIGHZ=0), disables Bist 
(BENA-0), and selects BSR at multiplexer 161 (REGSEL- 

10 1). 

Exemplary FIG. 17 illustrates in more detail the instruc- 
tion register control within TAP4 of FIG. 7 according to the 
present invention. The remaining TAPs 1-3 can be designed 
analogously. The update register 175 of FIG. 17 outputs the 

15 six control signals of FIG. 16 plus the signal SEL4 to select 
TLM. The shift register 171 of FIG. 17 has an additional 
shift register bit SRB4 because the six example instructions 
from FIG. 16A require twelve replacement instructions 
according to the present invention as shown in FIG. 17A. 

20 The additional bit SRB4 is thus needed to uniquely encode 
the twelve instructions of FIG. 17 A. 

Referring to FIG. 17 A the replacement pair for the con- 
ventional HighZ instruction is seen at the third and ninth 
entries of the table of FIG. 17A. More specifically, the 

25 HighZ instruction with TLM not selected is decoded at 173 
(see FIG. 17) to output the same logic levels as the conven- 
tional HighZ instruction and additionally to output a logic 0 
on the SEL4 output in order to ensure that TLM is not 
selected. The decoded output of the HighZ instruction with 

30 TLM selected is the same as the decoded output of the 
HighZ instruction with TLM not selected, except BR«0 and 
SEL4=1 to ensure that TLM is selected and the bypass 
register is deselected. Similarly, the decoded output of the 
Extest instruction with TLM not selected includes the same 

35 six logic levels as the conventional Extest instruction, plus 
a logic 0 on SEL4 to ensure that TLM is not selected. The 
decoded output of the Extest instruction with TLM selected 
is the same as the decoded output of Extest with TLM not 
selected, except the BSR signal is at logic 0 to deselect BSR, 

40 and SEL4=1 to select TLM. Thus, the above-described 
instruction pairs and the other instruction pairs shown in 
FIG. 17Apentiit selection of either TLM or an internal data 
register (such as the bypass register or BSR) for scanning, 
but both instructions of each instruction pair otherwise 

45 provide the identical control signals provided by the corre- 
sponding conventional instructions illustrated in FIG. 16 A. 
Thus, the instruction pairs of FIG. 17A permit TAP4 to 
select for scanning either the external data path in TLM, or 
an internal data register such as the bypass register or BSR, 

50 while otherwise outputting control signals which are iden- 
tical to those associated with the corresponding conventional 
instructions of FIG. 16 A. 

Execution of RunBist operations is improved by using the 
RunBist replacement instructions. The conventional Run- 

55 Bist instruction initiates a Bist (Built-In-Self-Test) operation 
when the TAP enters Run Test/Idle, but the conventional 
RunBist instruction selects a data register inside the TAP 
(boundary scan register in FIGS. 16-17) for scanning. A first 
TAP can be enabled and scanned with the replacement 

60 RunBist instruction that selects the TLM and deselects the 
boundary scan register. After scanning the TLM to enable a 
second TAP, the first TAP gets disabled and automatically 
transitions into the Run Test/Idle state (FIGS. 9-11) where 
the replacement RunBist instruction takes effect to initiate 

65 the Bist operation. While the first TAP is executing the Bist 
operation in Run Test/Idle, the second TAP can be scanned 
with the aforementioned replacement RunBist instruction 
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that selects the TLM and deselects the boundary scan 
register. Scanning the TLM to enable a third TAP will force 
the second TAP to the Run Test/Idle state where the replace- 
ment RunBist instruction takes effect to initiate a Bist 
operation. This scheme can continue to sequentially select 
TAPs and initiate Bist testing in as many TAPs as desired. 
Thus, BIST operations in the selected megamodules can 
occur in time overlapping fashion rather than purely sequen- 
tially. This of course provides time savings. 

To obtain the Bist result from BSR of FIG. 17, TAP4 can 
be enabled via TLM, and then loaded with the replacement 
RunBist instruction that deselects TLM and selects BSR. 
With BSR selected, the Bist result can be scanned out of 
BSR by a data register scan operation. 

The architecture of FIG. 5 can also execute the above 
procedure to initiate multiple RunBist operations, or it could 
simply enable/link all or selected ones of the TAPs together, 
scan in a conventional RunBist instruction to each, then 
enter Run Test/Idle to concurrently execute the RunBist 
instructions. After linking a first group of TAPs together in 
FIG. 5, each of them can be loaded with the replacement 
RunBist instruction that selects TLM 51, and thereafter the 
first group can be unlinked via TLM 51 so the first group can 
execute Bist operations in Run Test/Idle white TLM 51 is 
linking a second group of TAPs to repeat the same proce- 
dure. So while the FIG. 2 architecture allows for enabling a 
TAP, loading RunBist, and then disabling the TAP to effect 
Bist operations in a megamodule, the FIG. 5 architecture 
allows enabling/linking a group of TAPs, loading RunBist, 
and then disablingAinlinking the group of TAPs to effect 
concurrent Bist operations in a group of megamodules. The 
capability of sequentially selecting groups of TAPs so that 
each group performs Bist operations concurrently within the 
group and in time-overlapping fashion relative to other 
groups provides additional flexibility to choose the most 
time -efficient approach for a given IC's megamodule layout. 

Although providing a replacement instruction pair for 
each instruction will allow for leaving any instruction in 
effect after a TAP has been disabled, a single instruction can 
be defined to select the TLM if desired. When using a single 
TLM select instruction, the TAP cannot maintain the effect 
of a specific instruction on the IC when the TLM is accessed. 

The TAP linking approach described herein could be 
accomplished on a substrate (e.g. multichip module or 
board) comprising individual circuits (e.g. die or IC), each 
having a TAP with externally accessible select and enable 
signals corresponding to SEL1-4 and EN1-4. Also required 
on the substrate would be a TLM circuit (e.g. die or IC). 
Further, to support the plural TAP linking scheme of FIG. 5, 
multiplexer circuits (e.g. die or IC) would be required on the 
TDI inputs of some or all of the TAP'ed circuits. 

Although exemplary embodiments of the present inven- 
tion are described above, this description does not limit the 
scope of the invention, which can be practiced in a variety 
of embodiments. 

What is claimed is: 

1. An integrated circuit, comprising: 

A. a register for performing data transfer operations; 

B. a test bus; 

C. a plurality of target circuits; and 

D. a plurality of test interfaces coupled between said test 
bus and the respective target circuits, each said test 
interface having a register select output for selecting 
said register to perform a data transfer operation 
between the test bus and the register. 

2. The circuit of claim 1 in which the test bus includes a 
test data input lead and a bus test data output lead, each test 
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interface connects to the test data input and is selectively 
coupled to the bus test data output, and the register is located 
outside of the target circuits and the test interfaces. 

3. The circuit of claim 1 including a test access port 
linking module that includes the register and that receives 
the select outputs from the test interfaces, the linking module 
including control circuits for controlling the data transfer 
operation in response to receiving a select output. 

4. The circuit of claim 1 including a test access port 
linking module that includes the register and that receives 
the select outputs from the test interfaces, the linking module 
including an enable output connected to each test interface. 

5. The circuit of claim 1 in which the register is a two bit 
register. 

6. A method of using a plurality of test interfaces, which 
are coupled between a test bus and respective target circuits, 
to provide access to a register, comprising: 

A. receiving register select signals from the respective test 
interfaces; 

B. responding to a first of the register select signals, 
including selecting the register to perform a data trans- 
fer operation with the test bus; and 

C. responding to a second of the register select signals, 
including selecting the register to perform a data trans- 
fer operation with the test bus. 

7. The method of claim 6 in which the steps of selecting 
the register to perform a data transfer operation include 
performing the data transfer operation in a test access port 
linking module separate from the test interfaces and target 
circuits. 

8. The method of claim 6 in which each step of selecting 
the register to perform a data transfer operation includes 
producing an enable signal to a test interface from the data 
transferred from the test bus. 

9. The method of claim 6 including enabling at least one 
of the test interfaces to test its respective target circuit in 
response to data received in the data transfer operation. 

10. An electrical circuit, comprising: 

A. a test bus; 

B. a plurality of target circuits; and 

C. a plurality of test interfaces coupled to said test bus to 
provide for the test bus interfaces to communicate with 
said test bus simultaneously, each test interface is also 
coupled to a respective target circuit, each said test 
interface including a select output indicative of when 
said test interface is selected for communication with 
said test bus, and an enable input indicative of when 
said test interface is enabled for communication with 
said test bus and also indicative of when said test 
interface is disabled from communication with said test 
bus. 

11. The circuit of claim 10 in which the test bus includes 
a test data input lead, a test clock lead, a test mode select lead 
and a bus test data output lead and each interface is con- 
nected to the lest data input lead, the test clock lead and the 
test data output lead and is selectively coupled to the bus test 
data output lead. 

12. The circuit of claim 10 including a test access port 
linking module connected to the select output of each test 
interface and to the enable input of each interface, the 
linking module producing an enable input to one test inter- 
face in response to at least one select output from the test 
interfaces. 
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13. The circuit of claim 10 in which each test interface 
includes an interface test data output lead, the test bus 
includes a bus test data output lead and including selection 
circuits having inputs connected to each interface test data 
output lead and an output connected to the bus test data 
output lead and the selection circuits selectively connecting 
one interface test data output lead to the bus test data output 
lead. 

14. A method of controlling a plurality of test interfaces, 
the test interface coupled to a test bus to permit the test 
interfaces to communicate with the test bus simultaneously, 
the test interfaces also coupled to respective target circuits, 
comprising: 

A. indicating from a first of the test interfaces that the first 
test interface is selected for communication with the 
test bus; 

B. indicating to the first of the test interfaces that the first 
test interface is enabled for communication with the 
test bus; and 

C. indicating to a second of the test interfaces that the 
second interface is disabled from communication with 
the test bus. 

15. The method of claim 14 in which the indicating to the 
first of the test interfaces includes producing an enable 
signal from a test access port linking module in response to 
the linking module receiving an indication from a first of the 
test interfaces that the first test interface is selected. 

16. The method of claim 14 including testing a target 
circuit in response to the indicating to a first of the test 
interfaces that the first test interface is enabled. 
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17. An integrated circuit comprising: 

A. a test bus of leads including a test data input lead, a bus 
test data output lead, a test clock lead and a test mode 
select lead; 

B. boundary scan register circuits; 

C. plural circuit modules; 

D. a separate test access port connected to each of the 
boundary scan register circuits and the plural circuit 
modules, each test access port being connected to the 
test data input lead, the test clock lead and the test mode 
select lead and having a port test data output lead 
selectively coupled to the bus test data output lead, each 
test access port including a select output lead carrying 
a select signal indicating the selection of that test access 
port and including an enable input lead carrying an 
enable signal indicating that the test access port is 
enabled to communicate with the test data output lead; 
and 

E. selection circuits having an output connected to the bus 
test data output lead and having plural inputs connected 
to the port test data output leads; and 

F. a test access port linking module connected to the test 
data input lead, the test clock lead and the test mode 
select lead and having a module test data output lead 
selectively coupled to the bus test data output lead 
through the selection circuits, the linking module being 
connected to all of the select outputs and enable inputs 
and producing an enable signal in response to receiving 
at least a select signal. 
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